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ABSTRACT 
 
The pollution of heavy metals into environment has attracted a major concern around 
the world due to their toxicity and adverse effect to the environment. In the current 
study, cation exchanger mixed matrix membrane (MMM) was produced for the removal 
of copper in wastewater effluent. Several potential commercial cation resins was 
screened for maximum copper removal which are Dowex M-31, Dowex MAC-3, 
Dowex Marathon MSC, Amberlite IR 120, Amberlite IRC 86, Amberlite IRN 150, 
Lewatit SP 112, Lewatit CNP-105and Lewatit TP 214. The selected resin, Amberlite IR 
120 was embedded into ethylene vinyl alcohol (EVAL) polymer and casted into 
membrane sheet at different cation loading which were 20 and 30 weight %. The effect 
of copper concentration was studied in batch adsorption experiment. At initial copper 
concentration of 300 ppm, 20% and 30% cation loading in MMM showed 44.78 and 
54.02 mg Cu/g resin binding capacity respectively. The regeneration by using both HCl 
and H2SO4 give the high percent of copper recovery on MMM with 30% resin loading 
which were 99.13% and 99.03% respectively. By operating chromatography operation 
in a membrane format, the limitation of packed bed cation exchanger chromatography 
such as high-pressure drop, limited flow rate and flow channeling can be overcome. 
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ABSTRAK 
 
Pencemaran logam berat terhadap persekitaran telah menarik perhatian utama di seluruh 
dunia akibat ketoksikan dan kesan buruk kepada alam sekitar. Dalam kajian semasa, 
membrane matriks campuran penukar kation (MMM) telah dihasilkan untuk penyingkiran 
kuprum di dalam sisa efluen. Beberapa potensi komersial kation resin telah dipilih untuk 
penyingkiran kuprum yang maksimum seperti Dowex M-31, Dowex MAC-3, Dowex 
Marathon MSC, Amberlite IR 120, Amberlite IRC 86, Amberlite IRN 150, Lewatit SP 112, 
Lewatit CNP-105dan Lewatit TP 214. Resin yang terpilih iaitu Amberlite IR 120 telah 
dienapkan ke dalam etilena vinil alcohol (EVAL) polimer dan dibentukkan kepada helaian 
membrane pada muatan kation yang berbeza iaitu 20 dan 30% berat. Kesan kepekatan 
kuprum telah dikaji dalam eksperimen serapan secara kumpulan. Pada kepekatan awal 
kuprum 300 ppm, 20% dan 30% muatan kation dalam MMM masing-masing menunjukkan 
44.78 dan 54.02 mg kuprum / g resin kapasiti pengikat. Regenerasi dengan menggunakan 
kedua-dua HCl dan H2SO4 memberikan peratus pemulihan kuprum yang tinggi pada MMM 
dengan muatan resin 30% iaitu 99.13% dan 99.03%. Dengan menggunakan kromatografi 
operasi dalam format membrane, limitasi kromatografi packed bed penukar kation seperti 
tinggi kadar penurunan tekanan, kadar aliran yang terhad dan masalah menyalurkan aliran 
boleh diatasi. 
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CHAPTER 1 
 
 
INTRODUCTION 
 
 
1.1 Background 
 
Nowadays, heavy metal toxic waste has turn into one of the most serious 
environmental problems. The treatment of heavy metals is very concern due to their 
uprising level in the environment. Heavy metals are very toxic and can cause some 
diseases to humans and animals if the effluent from the industry is not properly 
control and manage.  
 
Copper is widely used in electronics industry as a major interconnecting 
material due to its good electrical and thermal conductivity properties. The 
processing and manufacture of electronic parts involve a variety of steps such as 
electroplating, etching, rinsing, and chemical and mechanical polishing (CMP). 
Electroplating of metal on wafer substrates has recently been identified as a 
promising technique for depositing conductive layers on substrates in the 
manufacture of metal interconnect lines in integrated circuits and flat panel displays 
(Chou and Lee, 2004). 
 
Wastewater from this process contains relatively large amounts of dissolved 
copper at low concentrations generally contains ≤1000 ppm (Campbell et. al, 2001). 
 
Copper is one of the heavy metals that are very toxic and hazardous to 
human although copper does essential work for animal metabolism. Excessive 
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ingestion of copper brings about serious toxicological concerns such as vomiting, 
cramps, convulsions or even death ( Nguyen et. al, 2009). 
 
Various methods have been studied for the removal of heavy metal from 
wastewater. These method include chemical precipitation, ion-exchange 
chromatography, adsorption, membrane filtration, coagulation, flocculation, 
flotation and electrochemical. 
In the current study, ion exchange membrane was used for copper removal 
from simulated wastewater. The preparation concept of mixed matrix membrane 
(MMM), that extensively used for making a membrane for gas separation and 
protein separation application was adopted in this study to prepare cation exchange 
membrane for copper removal. Selected cation resin was incorporated at specific 
percentage in membrane polymer solution before the membrane casting process. 
Based on the author knowledge, this type of cation exchanger mixed matrix 
membrane was firstly introduced for the copper removal in the literature.  
 
1.2 Problem Statement 
 
Copper removal from wastewater normally achieved through packed bed ion 
exchange chromatography. However by operating as packed bed configuration, 
several limitations have been identified such as high pressure drop, limited flow rate 
and flow channeling. The increase demand of copper removal from wastewater 
encourage to the improvement of the current techniques. 
 
The preparation of ion exchange membrane using MMM concept is quite 
simple and only involve a physical modification. Various types of ion exchange 
resin can be incorporate into a membrane polymer solution to prepare ion exchange 
membrane. 
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The application of MMM for heavy metal removal is still new and so far it 
has been tested for silver removal (Ladhe et. al., 2009). Therefore, in the current 
research the feasibility of MMM for copper removal was studied. 
 
1.3 Objective 
 
 The main objective of this research is to prepare cation exchanger membrane using 
the preparation concept of MMM for the application of copper removal.  
 
1.4 Scope 
 
 In order to fulfill the research objective, the following scopes were outlined: 
 
i. To screen several commercial cation exchange resin that give high binding capacity 
to copper. 
ii. To characterize the binding properties of cation exchanger MMM prepared from 
ethylene vinyl alcohol (EVAL) based membrane for copper removal.  
iii. To study the regeneration technique of MMM after binding to the copper.  
  
 
CHAPTER 2 
 
 
LITERATURE REVIEW 
 
 
2.1 Source of Copper Effluent 
 
Copper is extensively used in electronics industry for the manufacturer of resistors, 
capacitors, inductors, semiconductor components, printed circuit boards and printed wiring 
assemblies. Such industries generate a large amount of copper waste streams during 
different steps which are electroplating, etching, rinsing, chemical and mechanical 
polishing and some more (Chou and Lee, 2004). Electroplating has been used to deposit 
copper or other metal layers with a smooth, level or uniform top surface.  
 
Electronic process waste is one of the major contributors to heavy metal toxic waste 
in surface water (Rengaraj et. al, 2007). CMP is a process used by semiconductor industry 
to produce very smooth surfaces on each layer of a microchip by polishing the microchip 
with water slurry of silica or alumina. In making microchips for computers, pagers, phones 
and other electronic equipment, a large volume of purified water is used for the dilution and 
rinsing steps of CMP process (Campbell et. al, 2001).  
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2.2 Principles of Ion Exchange 
 
Industrially produced ion exchange resins consist of small, porous beads that are 
insoluble in water and organic solvents. The most commonly used base materials are 
polystyrene and polyacrylate. The diameter of the beads is in a range of 0.3 to 1.3 mm. The 
beads contain around 50% of water, which is dispersed in the gel-structured compartments 
of the material as showed in Figure 2.1 (Neumann and Fatula, 2009).  
 
 
 
Figure 2.1: Ion exchange resin beads contain many fine pores that fill with water. 
 
Water soluble materials can move freely, in and out since water is dispersed 
homogenously through the bead. In each of the monomer units of the polymer they are 
specific functional groups. These functional groups can interact with water soluble species, 
mainly with ions either positively (cations) or negatively (anions) charged. 
 
The interaction between ions and functional groups is demonstrated by electrostatic 
forces since the functional groups had a charged group as showed in Figure 2.2. Positively 
charged functional groups interact with anions and negatively charged functional group will 
interact with cations.  
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Figure 2.2: A fixed and a mobile ion are changing places in a so-called ion 
exchange reaction 
 
The binding force between the attached ion and the functional group is relatively 
loose. The exchange can be reversed by another ion passing across the functional group. 
Then another exchange reaction can take place and so on.  
 
2.3 Cation Resin  
 
 Adsorption of metals using solid resin is a proven technique for the purification and 
separation of metals from different aqueous solutions. Previous study has reported the 
adsorption of copper using various types of ion exchange resins such as Amberlite IR-120 
(Hsien et al., 2006, 2007; Kocaoba, 2007; Jha et. al, 2009), Dowex 50 W (Pehlivan and 
Altun, 2006), Dowex G-26 (Winterton et al., 2005), Chelex 100 and Amberlite IRC 748 
(Lin and Juang, 2007). Gode and Pehlivan (2006) mentioned that the main advantages of 
ion exchange over other techniques are the improvement of the metals value, high 
selectivity, lower sludge volume and the ability to meet strict discharge specifications. 
Other than that, ion exchange is also widely applied in the purification of aqueous solution, 
extraction of acid from pickle solution, and the extraction and separation of metals. Table 
2.1 below showed the characteristics of commercial cation exchange resin. 
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Table 2.1: Characteristics of commercial cation exchange resin (Hubicki and Wolowicz, 
2008) 
 
Resin Ionic 
form 
Matrix Density
, g/mL 
pH  Particle 
size 
Regenerant 
Amberlite IRC 86 H
+
 Gel polyacrylic 
copolymer 
1.17 – 
1.195 
0-14 0.58 – 
0.78 mm 
2-5% HCl, 
0.5-0.7% 
H2SO4,  
Amberlite IR 120 H
+
 Styrene 
divinylbenzene 
copolymer 
>1 (vs 
air) 
0-14 16-50 
mesh 
5-8% HCl, 
0.7-6% 
H2SO4 
Amberlite IRN 150 H
+
 Styrene 
divinylbenzene 
copolymer  
1.0 – 
1.3 
5 - 8 0.6-0.7 
mm 
NA 
Dowex M-31 H
+
 Styrene 
divinylbenzene 
(macroporous) 
0.76 0-14 16-40 
mesh 
1-8% 
H2SO4, 4-
8% HCl, 8-
12% NaCl 
Dowex MAC-3 H
+
 Polyacrylic 
(macroporous) 
1.18 5-14 300-
1200µm 
(50-16 
mesh) 
1-5% HCL, 
0.5-0.8% 
H2SO4  
Dowex Marathon 
MSC 
H
+
, 
Na
+ 
Styrene 
divinylbenzene 
(macroporous)  
1.20, 
1.28 
0-14 520-
50µm, 
500-
50µm 
1-10% 
H2SO4, 4-
8% HCl, 8-
12% NaCl 
Lewatit Monoplus 
SP 112 
Na
+
 Cross linked 
polystyrene   
1.24 0-14 0.65 mm HCl, 
H2SO4, 
NaCl 
Lewatit Monoplus 
TP 214 
Na
+
 Cross linked 
polystyrene   
1.1 0-10 400 – 
1250 µm 
NA 
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2.4 Mixed Matrix Membrane  
 
Mixed matrix membranes (MMM) are generally defined as the incorporation of a 
solid dispersed phase into a continuous polymer matrix. Theses solids can be porous 
(zeolites, MOFs, etc.), solid nano particles or catalysts.  
 
This concept of mixed matrix membrane had been applied successfully for gas 
separation and protein separation. It is physical modification process involve the mixing of 
solid/resin into polymer solution by retaining the chemical properties of both materials. 
Mixed matrix membrane is not a new concept of membrane. In facts, early researchers have 
done it by filling rubbery polymer with fillers and it is used for liquid separation such as 
reverse osmosis (Solenberger and Withers, 1982), pervaporation, and the separation of 
submicro particles such as enzymes (Goldberg et al., 1979). The preparation of membrane 
through mixed matrix concept has several advantages as follows: 
 
i. Variety of commercial resin available in market that can be mixed in membrane.  
ii. MMM involve only physical modification  
iii. The efficiency of MMM retained as in packed chromatography  
iv. The membrane form is easy to scale up and making a module  
 
The MMM combine the advantages of each medium with high separation 
capabilities, desirable mechanical properties and economical processing capabilities of the 
polymers. 
 
2.5 Adsorption of Copper Ion 
 
 A typical method for recovering metal ions from wastewater is by using ion 
exchange resins. The advantages of ion exchange are high regeneration of material and very 
high metal selectivity.  
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Conventional methods such as precipitation technique are unfavorable in particular 
when dealing with large volumes of substance which contains heavy metal ions in low 
concentration. In general these ions are precipitated as hydrated metal oxides or hydroxides, 
sulfides or xanthiogenates using calcium oxide. Precipitation is accompanied by other 
processes which are flocculation or coagulation, and one major problem is the formation of 
large amounts of sediments containing heavy metal ions. For example, industrial 
wastewaters containing 0.1 g/dm
3
 of Cu (II), Cd(II) or Hg(II) compounds give 10-, 9- and 
5-times larger amounts of sediments, respectively; and 6 kg of sediments are obtained from 
one kilogram of chromates (Fabiani, 1992). Table 2.2 showed a comparison of technologies 
used for heavy metal removal from wastewater. 
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Table 2.2: Comparison of technologies used for heavy metal removal from wastewater 
(Farooq et. al., 2010) 
 
Method Advantage Disadvantage 
Chemical precipitation 
 Simple 
 Inexpensive 
 Most of metals can be 
removed 
 Large amount of sludge 
produced 
 Disposal problem 
Chemical coagulation  Sludge settling 
 Dewatering 
 High cost 
 Large consumption of 
chemicals 
Ion-exchange  High regeneration of 
materials 
 Metal selective 
 High cost  
 Less number of metal 
ions removed 
Electrochemical 
method 
 Metal selective 
 No consumption of 
chemicals 
 Pure metals can be 
achieved 
 High capital cost 
 High running cost 
 Initial solution pH and 
current density 
Adsorption using 
activated carbon 
 Most of metals can be 
removed 
 High efficiency 
(99%) 
 Cost of activated 
carbon  
 No regeneration 
 Performance depends 
upon adsorbent 
Using natural zeolite  Most of metals can be 
removed 
 Relatively less costly 
materials  
 Low efficiency 
Membrane process and 
ultra filtration 
 Less solid waste 
produced 
 Less chemical 
consumption 
 High efficiency 
(>95% for single 
metal) 
 High initial and 
running cost 
 Low flow rates 
 Removal (%) decrease 
with the presence of 
other metals 
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Membrane based process also used for the removal of heavy metal. Thiol 
functionalized silica-polysulfone MMMs were successfully applied for silver ion removal 
from aqueous solutions. The specific nature of the thiol-silver interaction permits selective 
silver capture from aqueous solution containing other metal ions such as calcium and 
copper. This property is significant towards useful application of the MMMs, as the feed 
stream often contains other metal ions in high concentrations (Ladhe et. al, 2009). 
 
In other work, the removal efficiency of heavy metals is about 80% to 99% by using 
polyethylene imine (PEI) and polyvinyl alcohol (PVA) as a based membrane (Bessbousse 
et. al, 2007). Kagaya et. al, (2009) used polythioamide to remove mercury and it achieved 
100% of mercury removal.  
 
2.6 Adsorption Isotherm 
 
An adsorption isotherm is a plot of the concentration of a species on a surface as a 
function of its concentration to characterize an adsorption process. The quantity adsorbed is 
normalized by the mass of the adsorbent to allow comparison of different materials. There 
are two types of adsorption isotherm which are Langmuir and Freundlich isotherm.  
 
Irving Langmuir published a new model isotherm in 1961 for gases adsorbed to 
solids, which retained his name. It is a semi empirical isotherm derived from a proposed 
kinetic mechanism. This isotherm was based on different assumptions one of which is that 
dynamic equilibrium exists between adsorbed gaseous molecules and the free gaseous 
molecules. Example of adsorption process that follows the Langmuir isotherm is illustrated 
in Figure 2.3. The equation of Langmuir isotherm as showed in Equation 2.1. 
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The Langmuir isotherm is based on four assumptions:  
i. All the adsorption sites are equivalent where the surface of the adsorbent is 
uniform. 
ii. There are not interactions of adsorbed molecules. 
iii. All adsorption occurs through the same mechanism. 
iv. At the maximum adsorption, only a monolayer is formed: molecules of adsorbate 
do not deposit on other, already adsorbed, molecules of adsorbate, only on the free 
surface of the adsorbent. 
 
 
 
 
Figure 2.3: Langmuir adsorption isotherm 
  
        
  
    
)        Equation 2.1 
Where, 
W = (mass adsorbate) kg /(mass adsorbent) kg 
C = adsorbate kg (in solution) / m
3
 volume  
k = empirical constant 
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While in 1909, Freundlich expressed an empirical equation for representing the 
isothermal variation of adsorption of a quantity of gas adsorbed by unit mass of solid 
adsorbent with pressure. This equation is known as Freundlich Adsorption Isotherm or 
Freundlich Adsorption equation or simply Freundlich Isotherm as showed in Equation 2.2. 
 
 
 
 
              Equation 2.2 
 
Where, 
x/m = adsorption per gram of adsorbent which is obtained be dividing the amount of 
adsorbate (x) by the weight of the adsorbent (m). 
P= Pressure 
k and n are constants whose values depend upon adsorbent and gas at particular 
temperature . This constant can be calculated by plotting Log x/m versus Log P as in graph 
showed in Figure 2.4. 
 
 
 
Figure 2.4: Freundlich adsorption isotherm 
 
  
 
CHAPTER 3 
 
 
METHODOLOGY 
 
 
3.1 Materials  
 
 Ethylene vinyl alcohol (EVAL), 1-octanol, dimethyl sulfoxide (DMSO), and several 
types of commercial cation resin were purchased from Sigma Aldrich and Fluka. The resins 
used were Lewatit Monoplus TP 214, Lewatit Monoplus SP112, Dowex M-31, Dowex 
MAC-3, Dowex Marathon MSC, Amberlite IRC 86, Amberlite IRN 150 and Amberlite IR 
120. Copper ion solution used in binding experiment was prepared by diluting CuSO4.5H2O 
from Merck. Hydrochloride acid (HCl) and sulfuric acid (H2SO4) acid used for regeneration 
of the membrane were purchased from Fisher Chemicals. 
 
3.2 Cation Resin Screening 
 
The purpose of screening experiment is to select the best cation resin from the list of 
commercial cation resin. Cation resins were firstly washed by ultra pure water and then 
dried using freeze drying. Dried resin was ground using ultra centrifugal grinding machine 
and was passed through a series sieve tray to get resin particles less than 45 µm.  
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0.1 g cation resin, in centrifuge tube was equilibrated with 10 mL of phosphate 
buffer pH 7 for 3 hours. After equilibrium step, the solution was removed by centrifugation 
at 10 000 rpm for 10 minutes. 30 mL of CuSO4.5H2O solution with 500 ppm concentration 
was added to tube and was left overnight for binding in rotator machine. The remaining 
copper concentration after binding was measured by Atomic Absorption Spectroscopy 
(AAS).  
 
3.3 Preparation of Mixed Matrix Membrane  
 
Based on the screening result, Amberlite IR 120 was further selected for preparation 
of mixed matrix membrane. A based polymer solution consisting of 15 wt% of EVAL 
polymer and 15 wt% of 1-octanol in DMSO was prepared (Saufi and Fee, 2009). All the 
component mixture was continuously stirred at about 60°C for more than 8 hours until all 
EVAL pellets were completely dissolved. Then, cation resin was mixed into the polymer 
solution until the mixture was become homogeneous. Figure 3.1 shows the homogenous 
casting slurry of the membrane. 
 
 
 
Figure 3.1: Homogenous casting slurry of the MMM 
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Casting solution with 20% and 30% of resin loading was prepared. The amount of 
cation resin loading to be mixed with EVAL polymer solution was calculated by using the 
equation below (Saiful et. al, 2006), 
 
          
  
     
             Equation 3.1 
 
Where, 
R = Percentage of resin loading 
Wr = amount of cation resins (g) 
Wp = amount of EVAL polymer in casting solution (g)   
 
Prepared casting solution was treated in ultrasonic bath to remove the bubbles. 
Conventional casting method was used to prepare flat sheet membrane. The casting 
solution was pour into a glass plate then spread it to make it thin film using a casting block. 
The plate was immersed into a coagulation water bath until the membrane become 
solidified and detached from the glass plate. Figure 3.2 showed the formed flat sheet 
membrane and Figure 3.3 summarized the steps in making the membrane. 
 
 
 
Figure 3.2: Flat sheet membrane formed after immersing in coagulation water bath 
  
